Cigarette smoking and alcohol drinking may affect the prognosis of stomach cancer, but evidence has been inconsistent. We investigated the associations between pretreatment smoking and alcohol drinking and the risk of all-cause and stomach cancer death among 1,576 patients with histologically confirmed stomach cancer diagnosed during 1997-2010 at a single hospital in Japan. Histories of smoking and alcohol drinking were assessed using a self-administered questionnaire. The patients were followed until December 31, 2013. The Cox proportional hazards model was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). During 9,625.1 person-years, 670 all-cause and 419 stomach cancer deaths were documented. Among the patients overall, ever-drinking was significantly associated with an increased risk of all-cause death (HR: 1.25; 95% CI: 1.03-1.51), but not stomach cancer death. Positive linear associations with the frequency of drinking (p trend 5 0.02) and the amount of alcohol consumed per day (p trend 5 0.03) were observed for the risk of all-cause death. Ever-smoking was not related to either the risk of all-cause or stomach cancer death. Conversely, among the patients who underwent curative resection, a significant positive association was found between ever-smoking and the risk of stomach cancer death (HR: 2.44; 95% CI: 1.17-5.08). A positive association was also found for earlier age at start of smoking (p trend 5 0.0046). Pretreatment smoking and alcohol drinking have significant effects on stomach cancer survival. Lifestyle adjustments throughout life may improve survival.
During the past several decades, trends in cancer incidence and mortality have changed in Japan. 1, 2 In terms of cancer site, the age-standardized incidence and mortality rates of stomach cancer have been gradually decreasing. However, the number of new stomach cancer cases continues to increase because of aging in Japanese population. Stomach cancer remains one of the major causes of death.
As the patient population grows, factors contributing to improved or adverse survival are becoming a focus of increasing interest. Previously, we reported that family history of stomach cancer and nutritional status at diagnosis were associated with survival among patients with stomach cancer. 3 Meanwhile, a number of lifestyle factors such as cigarette smoking and salt intake are known to be associated with stomach cancer risk, [4] [5] [6] and such risk factors may affect survival after diagnosis. Some previous studies have investigated the prognostic effect of smoking. In the Asian region, one Japanese study has shown that prediagnosis habitual smoking was associated with lower survival. 7 However, a large-scale Korean study obtained a conflicting result, that is, a significant association between prediagnosis smoking and better survival. 8 Some studies from Western countries have reported no association. 9, 10 Thus, evidence for the prognostic effect of smoking has been inconsistent.
Other lifestyle factors including dietary factors and alcohol drinking, which are not necessarily associated with stomach cancer risk, 6, 11, 12 may also impact the survival of patients with stomach cancer. Although evidence for the effects of dietary factors has been sparse and inconsistent, 7, 13, 14 several studies have shown that alcohol drinking was associated with lower survival. 8, 13 One meta-analysis also found a significant adverse effect of alcohol drinking on survival of patients with stomach cancer. 15 However, there are some variations in the results among individual studies. 14, 15 In the Japanese study, prediagnosis alcohol drinking was associated with lower survival, but not to a statistically significant degree. 7 This study focused on the two major lifestyle factors mentioned above-cigarette smoking and alcohol drinking-and attempted to clarify the association of these factors with the survival of patients with stomach cancer. The hospital-based data used in our previous prospective study 3 were updated and an extended follow-up survey was conducted.
Material and Methods

Study subjects and data collection
The study procedure has already been reported. 3 In this study, updated data were analyzed. Study subjects were selected from patients who were admitted to the Miyagi Cancer Center Hospital (MCCH), Japan between January 1997 and December 2010. All the admitted patients were requested to complete a selfadministered questionnaire at the time of their initial admission. Patients diagnosed as having malignant tumors were registered in the hospital-based cancer registry (the MCCH Cancer Registry) and followed up. During this period, 2,009 patients aged 30 years and over were newly diagnosed as having primary malignant gastric tumors. Among these patients, 1,873 (93.2%) have completed the questionnaire. From among them, 27 with submucosal malignant tumor and 47 without pathological data were excluded. After further excluding 125 patients with malignant tumors other than stomach cancer, 1,674 patients were identified for this study.
Data for exposures (cigarette smoking, alcohol drinking) and other lifestyle factors were collected using the abovementioned questionnaire. Clinical data were retrieved from the MCCH Cancer Registry. The purpose of the study was stated on the cover page of the questionnaire. We considered the return of self-administered questionnaires signed by the patients to imply their consent to participate in the study. This study was approved by the ethical review board of the Miyagi Cancer Center (Protocol Identification Number 23-27, May 20, 2011).
Ascertainment of exposures and follow-up
At the MCCH, in principle, detailed diagnostic tests and initial therapy are initiated after admission. Therefore, exposure data collected by the questionnaire survey were considered to be pretreatment data.
The exposure variables related to cigarette smoking included history of smoking (never, past, current), age at start of smoking (never, 19, 20-24, 25 years), and pack-years of smoking (never, 31.0, >31.0-44.0, >44.0). For alcohol drinking, history of drinking (never, past, current), frequency of drinking per week (never, occasional or 1-2, 3-4, 5-7), and amount of alcohol consumed per day (never, 15.0, >15.0-45.0, >45.0 g) were included as exposures. Ninety-six patients for whom information on history of smoking or drinking was missing were excluded, leaving a total of 1,578 patients. Subjects who quit smoking or drinking within 1 year before the present admission were regarded as current smokers or drinkers, respectively. Pack-years of smoking were calculated by multiplying the duration of smoking by the mean number of cigarettes smoked per day divided by 20. The amount of alcohol consumed per day was estimated by using the validated food frequency questionnaire. 16, 17 Cut-off points for each variable were determined as follows. For age at the start of smoking, cut-off points were determined arbitrarily, considering the importance of the category for subjects who started smoking as teenagers. For pack-years of smoking and the amount of alcohol consumed per day, tertile points among smokers or drinkers were used as cut-off points, respectively. Frequency of drinking was categorized based on the fixed item in the questionnaire. Follow-up of patients was performed by reference to the MCCH Cancer Registry up to December 2013. As a general rule of this registry, follow-up ends in the 11th year after diagnosis. Therefore, information on vital status at 11 years was available for the patients diagnosed during 1997-2002. For the patients diagnosed after 2003, vital status as of December 2013 was obtained. During the follow-up period, four patients (0.25%) were lost to follow-up, and these were treated as censored cases. The MCCH Cancer Registry conducted active follow-up by accessing hospital visit records, resident registration cards, and permanent domicile data. For deceased patients, information on the date and cause of death was obtained with permission from the Ministry of Justice.
Statistical analysis
The end point of our analysis was all-cause death and stomach cancer death according to the International Classification What's new? While cigarette smoking and alcohol consumption are suspected of being associated with stomach cancer prognosis, evidence supporting these links is inconclusive. In this study of more than 1,500 stomach cancer patients in Japan, questionnaires on smoking and alcohol consumption history reveal a positive association between ever-drinking and all-cause death but not death from stomach cancer. Ever-smoking was linked to an elevated risk of stomach cancer death in patients who underwent curative resection but was otherwise not associated with risk of death. The association between ever-smoking and stomach cancer death was prominent among curative patients who started smoking as teenagers.
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of Disease for Oncology, 10th edition (ICD-10). Survival time was calculated for each patient from the date of diagnosis until the date of death or the end of follow-up. Among deceased patients, two who died within 30 days after the index operation were defined as operative mortality cases and excluded. Finally, a total of 1,576 patients were included in the analysis.
To investigate the risk of all-cause and stomach cancer death, Kaplan-Meier survival analysis and Cox proportional hazards model were used. The crude associations of exposures with survival were evaluated by Kaplan-Meier analysis. The Cox proportional hazards model was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) controlled by confounders. 18 We considered the following variables to be potential confounders: age, sex, year of diagnosis, referral status (from screening, other), stage, histological type (adenocarcinoma, other), occupation (professional or office work, other), comorbidities (no, yes), family history of stomach cancer (no, yes), and pretreatment body mass index (BMI). Comorbidities included hypertension, ischemic heart disease, stroke, diabetes mellitus, and liver disease. Histories of smoking and alcohol drinking are related to these comorbidities, which may influence survival. In respective analyses, cigarette smoking (never, ever) and alcohol drinking (never, ever) were adjusted for each other. Curative resection (no, yes) was also considered as a confounder. Details of staging and curability have been described in our previous report. 3 Briefly, staging (I, II, III, IV) was performed using the UICC TNM classification 5th and 6th editions. Curability was determined mainly on the basis of the Japanese Classification of Gastric Carcinoma 12th and 13th edition. 19 In the evaluation of curability for endoscopic treatment, judgment of clinicians was also taken into account. Subjects whose curability was undetermined were regarded as non-curative. Subjects who had undergone neither endoscopic nor surgical treatment were also placed in the non-curative group. Missing values for confounders were treated as an additional variable category, and included in the model.
In the analysis using the Cox model, we firstly evaluated HRs according to exposure among the subjects overall. Second, stratification according to age at diagnosis (<60 years and 60 years) was performed. Based on our previous study, the background characteristics were considered to differ between younger and older stomach cancer patients. 3 Third, to investigate any synergistic interaction between smoking and alcohol drinking, HRs associated with these two exposures combined were estimated. Furthermore, separate analysis was performed for patients who underwent curative resection, since curability may have an impact on long-tern survival.
Results
During 9,625.1 person-years of follow-up, 670 all-cause death deaths and 419 stomach cancer deaths were documented. Table 1 shows the characteristics of the study subjects and the distribution of causes of death. Current smokers tended to be younger, to have a lower BMI, and to have fewer comorbidities than never or past smokers. In terms of alcohol drinking, past drinkers tended to be ever-smokers and lean, and to have more advanced tumors and comorbidities. With regard to cause of death, the proportion of death due to vascular disease was relatively high in current smokers and past drinkers. In past smokers, over 10% of deaths were related to pneumonia. The proportion of deaths due to stomach cancer was around 60% in each exposure group. Figure 1 shows the Kaplan-Meier survival curves for overall and stomach cancer-specific survival in relation to cigarette smoking and alcohol drinking among the patients overall. Past and current smokers tended to have shorter survival (p 5 0.0015 for overall; p 5 0.0406 for stomach cancerspecific). With regard to alcohol drinking, shorter survival was observed for past drinkers (p < 0.0001 for overall; p 5 0.0171 for stomach cancer-specific). Table 2 shows the risk of mortality in relation to cigarette smoking and alcohol drinking among the subjects overall based on the Cox models. The age, sex and stage-adjusted model showed that current smokers had an increased risk of all-cause and stomach cancer death. Linear associations with age at start of smoking and pack-years of smoking were also observed. However, further adjustment for other confounding variables weakened the strength of the association. Although the survival curve showed that past and current smokers had shorter survival than never-smokers, the associations of cigarette smoking with the risks of all-cause death and stomach cancer death were not statistically significant in the multivariate-adjusted model that included curative resection. Alcohol drinking was significantly associated with an increased risk of all-cause death in either the age, sex and stage-adjusted model or the multivariate-adjusted model (HR 5 1.25, 95% CI: 1.03-1.51). In both models, past drinkers had a higher risk of death than never-or current drinkers. Frequency of drinking (p trend in the multivariateadjusted 2 5 0.02) and the amount of alcohol consumed per day (p trend 5 0.03) were also positively associated with the risk of all-cause death. With regard to the risk of stomach cancer death, alcohol drinking had no significant effect. Although the survival curve showed shorter stomach cancerspecific survival among past drinkers, the HR for past drinkers was not statistically significant (HR 5 1.01, 95% CI: 0.71-1.44) in the multivariate-adjusted model. Table 3 shows the mortality risk for subjects who had undergone curative resection (n 5 1,127). Current smokers had an increased risk of all-cause death (HR 5 1.45, 95% CI: 1.02-2.08) and stomach cancer death (HR 5 2.24, 95% CI: 1.04-4.82). A higher risk of stomach cancer death was found for past smokers (HR 5 2.76). Age at start of smoking was positively associated with either the risk of all-cause death or stomach cancer death. For subjects who started smoking as teenagers, an extremely high risk of stomach cancer death was found (HR 5 3.97). According to pack-years, a Cancer Epidemiology significantly increased risk of stomach cancer death in comparison with never smokers was observed for all pack-year groups; however, statistical test showed a marginally significant linear trend (p trend in the multivariate-adjusted 1 5 0.07). With regard to alcohol drinking, ever and past drinkers had a significantly increased risk of all-cause death. However, linear associations with the frequency of drinking and the amount of alcohol consumed were unclear, being inconsistent with the above result for the subjects overall. Although data is not shown in tables, we attempted to analyze the mortality risk among non-curative subjects (n 5 449). In the non-curative group, neither smoking nor alcohol drinking was associated with the risk of all-cause and stomach cancer death Table 4 shows the age-specific mortality risk (<60 years and 60 years) for the subjects overall and subjects who had undergone curative resection, respectively. Among subjects aged under 60 years, neither smoking nor alcohol drinking was associated with the risk of all-cause death. This lack of association for all-cause death was also observed among the subjects who had undergone curative resection. On the other hand, both smoking and alcohol drinking tended to be positively associated with all-cause death among subjects aged 60 and over, regardless of curability. As for the risk of stomach cancer death, no association with alcohol drinking was observed in either the younger or older age group, whereas analysis limited to subjects who had undergone curative resection found a positive association for smoking among both younger and older age groups. A linear association with age at start of smoking was observed among both age groups in the curative group, although the number of stomach cancer deaths in each category was limited. With regard to packyears of smoking a higher risk of stomach cancer death was observed for all pack-years groups; however, a linear association was unclear. Table 5 shows the mortality risk associated with smoking and alcohol drinking combined. In the curative group, a significantly higher risk of stomach cancer death was found for ever-smokers, regardless of drinking history. No significant synergistic interaction between smoking and alcohol drinking was observed for the risk of either all-cause or stomach cancer death.
Discussion
Cigarette smoking has been reported to be a risk factor for stomach cancer. 5, 20 On the other hand, any association between alcohol drinking and stomach cancer risk has not been established because of insufficient epidemiologic evidence. 6, 12 However, it has been hypothesized that alcohol drinking as well as smoking may affect the prognosis of stomach cancer. Some previous studies have evaluated the association between smoking and alcohol drinking and the risk of mortality among patients with stomach cancer. [7] [8] [9] 13, 14, 21 A meta-analysis including seven studies showed 2 Comorbidities include hypertension/ischemic heart disease/stroke/diabetes mellitus/liver disease. 3 First-degree relatives include siblings and parents. 4 Body mass index was calculated based on pretreatment weight and height.
that current alcohol drinkers had lower survival, 15 although the results have not necessarily been consistent among the individual studies. For cigarette smoking, an insignificant summary effect with high heterogeneity was indicated. 15 In the previous studies, the endpoint varied, that is, all-cause death or stomach cancer death, which may explain the inconsistency and heterogeneity in the results. We clarified the prognostic effects of smoking and alcohol drinking based on each endpoint, and interpreted the results as follows.
First, pretreatment alcohol drinking was associated with an increased risk of all-cause death. A positive linear association was observed for the frequency and the amount of alcohol consumed. Furthermore, past drinkers tended to have a higher risk of all-cause death than current drinkers. There was no significant association between ever-drinking and the risk of stomach cancer death. Among past drinkers, the proportions of subjects with comorbidities and low BMI were high, as shown in Table 1 . Their premorbid poor health, which might have predisposed them to the development of several diseases, might have increased the risk of all-cause death. Detailed analysis showed that alcohol drinking was strongly associated with the risk of death due to diseases other than stomach cancer (HR 5 1.65 for past; 1.40 for current, data not shown in tables), indicating that the positive association of pretreatment alcohol drinking with the risk of all-cause death is mainly attributable to death from diseases other than stomach cancer. On the other hand, according to age group, the significant association with ever-drinking was found only in the older age group, suggesting that the health effect of alcohol drinking among stomach cancer patients may be modified by aging.
We considered that the following mechanisms might explain the effects of alcohol drinking on survival after diagnosis of stomach cancer. First, alcohol drinking, which might have influenced dietary intake and general health status, may change the risk of all-cause death and the risk of death from diseases other than stomach cancer. After initial treatment including gastrectomy, patients with stomach cancer usually have poor nutritional status due to insufficient food intake and malabsorption. 22, 23 If the patients continue drinking after surgery, such poor nutrition may further progress. 24, 25 For example, vitamin B12 deficiency frequently occurs after gastrectomy 26 and alcohol intake may exacerbate this deficiency due to malabsorption. 25 Additionally, alcohol drinking and accompanying poor nutrition may have adverse effects on the immune system. 25, 27 Psychosocial characteristics among drinkers may also affect the prognosis. 28 The elevated risk of all-cause death among older patients may be attributable to longer-term exposure to both drinking behavior and the alcohol-related problems mentioned above. With regard to the lack of association between pretreatment alcohol drinking and the risk of stomach cancer death, we cannot rule out the possibility that competing risks have a masking effect. 9, 29 However, no association was also evident in subjects who had undergone curative resection. The association of alcohol drinking with the risk of stomach cancer may be weak or unity. 6, 12 Thus, alcohol is likely to have no significant effect on tumor development or recurrence after diagnosis of stomach cancer.
Pretreatment cigarette smoking was associated with neither the risk of all-cause death nor the risk of stomach cancer death among the subjects overall. On the other hand, analysis limited to patients who underwent curative resection indicated an increased risk of all-cause and stomach cancer death among smokers, as shown in Table 3 . Linear associations with these risks were observed for age at start of smoking and pack-years of smoking, although the result for pack-year of smoking was marginally significant. Although the age, sex Cancer Epidemiology and stage-adjusted model for the subjects overall showed significant positive associations between smoking and the risks of all-cause and stomach cancer death, these association turned out to be non-significant in the multivariate model including curability, as shown in Table 2 . The effect of smoking is likely to be modified by some clinical factors, especially curability. Furthermore, analysis according to age group indicated a significantly higher risk of all-cause death associated with current smoking among older patients. Aging may also affect the association of smoking with the risk of all-cause death. Previous studies have investigated the association between cigarette smoking and survival of stomach cancer, but the results have not been consistent. Most studies have demonstrated a null or inverse association of smoking with overall survival. [8] [9] [10] 13, 14, 21 On the other hand, a Japanese study has demonstrated a significant association of eversmoking with an increased risk of stomach cancer death. 7 Several studies from Asian and Western countries have reported an increased risk of all-cause death or cancer recurrence associated with smoking history among patients undergoing curative resection, 30, 31 which was comparable to our results.
The positive association between pretreatment smoking and the risk of stomach cancer death in the curative group may be mainly explained by the biologic effects of smoking. Tobacco smoke contains carcinogenic substances, some of which may be involved in tumor promotion and recurrence, 32 and so hypothetically, smoking-related tumors might be of high grade and rapidly progressive. 33, 34 Additionally, smoking might cause immunological deterioration. 35, 36 Even if curative resection is performed, the malignant potential of smoking-related tumors would possibly remain unchanged, resulting in an increased risk of stomach cancer death. 30, 31 Furthermore, in the curative group, the risk of stomach Cancer Epidemiology cancer death was extremely high among individuals who had started smoking early, as shown in Table 3 . The timing of exposure to tobacco smoke, which affects tumor grade, may determine the risk of stomach cancer death in later life. On the other hand, the positive association of smoking with the risk of all-cause death among older patients might be due to specific behavioral or lifestyle-related factors among smokers. An association between smoking and the risk of death from major diseases has been established in the general population. 37, 38 Long-term exposure to smoking itself might contribute to the increased risk of death in older patients. Some unhealthy lifestyles among smokers might also have modified the risk of death. 37, 39 This study attempted to clarify the interaction between smoking and alcohol drinking in relation to survival of stomach cancer patients. Previous epidemiologic studies for stomach cancer risk have suggested no synergistic effect of these two exposures, 40, 41 whereas it is unknown whether these exposures have a synergistic effect on the survival of stomach cancer patients. In this study, no synergistic interaction was observed for the risk of all-cause death and stomach cancer death. Cigarette smoking tended to have a dominant effect on the risk of stomach cancer death in the curative group. This finding may serve to emphasize the adverse effect of cigarette smoking on prognosis after curative resection. This study had both strengths and limitations. Strengths include a large sample size, a high quality of follow-up, and appropriate control of confounding variables. Our previous study evaluating the effect of family history and pretreatment BMI on survival of stomach cancer have already documented these strengths in detail. 3 Major findings in the previous study were reproduced in our present analysis of the updated data. In this study, family history of stomach cancer and BMI were controlled for. A major limitation was that the histories of smoking and alcohol drinking were self-reported. However, the questionnaire survey was performed at the time of first admission to the MCCH, before treatment. Operative curability would have been unclear at the time. Therefore, misclassification of exposures is not dependent upon all-cause death or stomach cancer death, that is, they are non-differential. 29 Any information bias would likely have been minimal. Second, this study did not collect information on changes in lifestyle subsequent to cancer diagnosis and surgery. Therefore, we were unable to evaluate the effect of behavioral change after treatment. However, past drinkers and past smokers had a higher risk for all-cause or stomach cancer death. In the curative group, individuals who had started smoking early had a higher risk of stomach cancer death. Although the role of lifestyle change is unknown, lifestyle factors before diagnosis would appear to have meaningful effects on the risk of death after diagnosis. Third, the generalizability of our results may have been limited, because our study was performed at a single hospital in Miyagi Prefecture. To validate our results, further studies in other regions will be required.
In conclusion, this prospective study of stomach cancer patients has clarified the association of pretreatment cigarette smoking and alcohol drinking with long-term prognosis. Among the patients overall, alcohol drinking was associated with an increased risk of all-cause death, but not with the risk of stomach cancer death. Cigarette smoking was not related to either the risk of all-cause death or the risk of stomach cancer death. On the other hand, analysis limited to patients who underwent curative resection demonstrated a 
